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Observations of the turbulent near wake of a bridge deck
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ABSTRACT
The turbulent near wake of a bridge deck is studied based on velocity records acquired by two sonic anemometers
located 0.74D (where D is the depth of the deck) away from the trailing edge. Both the mean flow characteristics
and one-point velocity spectra are explored to gain insight into the aerodynamics of a bridge deck at full-scale Re
numbers in an atmospheric turbulence. In particular, the emphasis is on the vortex shedding process.
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INTRODUCTION

In full-scale, the aerodynamic characteristics of a bridge deck can be investigated by measuring
the wind-induced surface pressures around the girder (Frandsen, 2001, Li et al., 2011). A system
of synchronized continuous-wave Doppler wind lidar instruments can also be employed to
characterise the flow past a bridge deck (Cheynet et al., 2017). An accurate direct estimate
of the Strouhal number, which defines the vortex shedding frequency, is of particular interest.
Hence, it is appealing to utilize 3D sonic anemometers to study the vortex formation in the
near-wake region of the bridge deck. In fact, sonic anemometers generally withstand a wide
range of weather conditions and do not require regular maintenance, thereby making them ideal
for continuous monitoring.
The velocity records utilized in the present study are acquired on the Lysefjord Bridge, a
suspension bridge located at the inlet of a narrow fjord in the south-western part of Norway. The
bridge has a main span of 446 m and an hexagonal closed box-girder with an aspect ratio of
B/D = 4.6, with its midspan located 55 m above sea level (Figure 1). The bridge is instrumented
with a variety of different sensors (Cheynet et al., 2019), but the present study focuses on the data
acquired by two 3-D sonic anemometers (3D WindMaster HS from Gill Instruments) designated
as D08W and D08E, which are mounted at the deck level, 2 m away from the leading/trailing
edge (Figure 1). These sensors have been operating since August 2020. The measurement
location was chosen to investigate the turbulence structure and vortex formation in the near
wake region. The instruments are designed with a horizontal head to minimize the sensor bodyinduced distortion of the vertical turbulence component. The undisturbed turbulence is studied
using simultaneous measurements at 6 m height above the deck on the upwind and downwind
sides (Cheynet et al., 2019). The primary goal of this study is to explore the capabilities of such
an instrumentation setup to capture the wind flow characteristics in the near wake region.
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Figure 1. Location of the sonic anemometers at hanger 08 (120 m from midspan) of Lysefjord Bridge
(left panel) and view of the sensors on the west side of the deck (right panel).

2

RESULTS

The statistics of turbulence are computed based on 10 min-long stationary time series associated
with ū >5 m s−1 , wind directions from NNE with yaw angles −45◦ < β < 45◦ , and neutral
thermal stratification of the atmosphere. As an example, Figure 2 compares the vertical turbulence component w measured in the near wake (D08W) to the one estimated 6 m above the
deck (H08E). The normalized variance (σw /ū0 )2 , where ū0 is the undisturbed mean wind speed,
is larger in the near wake, with an average ratio (σw )downstream /(σw )undisturbed = 1.25. The
right panel of Figure 2 shows the ensemble average of the normalized velocity spectra Sw as a
function of the reduced frequency f D/ū0 . The normalization is based on the variance recorded
by the corresponding anemometers. In the near wake, an evident distortion of the spectral shape
as well as a shift of the spectral content toward higher reduced frequencies can be observed. The
maximum value of the normalized spectrum Sw estimated in the wake occurs at f D/ū0 = 0.18,
which identifies the vortex shedding frequency based on the Strouhal relationship. Hence, the
measurement setup is found promising to provide insight into the flow characteristics in the near
wake region of a bridge deck.
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Figure 2. Correlation between (σw /ū0 )2 recorded 6 m above the deck (H08E) and in the near wake
(D08W) (left panel) and vertical velocity spectrum Sw at three locations (right panel). The solid blue line
represents the Busch-Panofsky spectrum (Busch and Panofsky, 1968).
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